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product	 launch	 tracker	 at	 our	 sponsor,	 Mack	 Molding.	 The	 methods	 used	 to	 achieve	 our	 goal	 were	
Axiomatic	 Design,	 research	 of	 management	 and	 implementation	 tools,	 employee	 insight,	 stochastic	
modeling	and	an	engineering	financial	analysis.	Through	these	methods	it	was	identified	that	the	tracker	
could	 be	 designed	 into	 a	 hybrid	 of	 both	 a	 phase	 gate	 and	 milestone	 tracker,	 to	 create	 an	 accurate	
forecasting	tool.	It	is	recommended	the	updated	phase	tracker	for	reducing	non-value	added	time	in	the	































































































	 		Mack	 Group	 Corporation	 is	 a	 contract	 manufacturing	 company	 focusing	 primarily	 on	
manufacturing	 services	 and	 plastic	 injection	molded	 parts.	Mack	Group’s	 services	 span	 across	 a	wide	
variety	of	industries	ranging	from	commercial	products	to	medical	devices.	The	company	is	composed	of	







Mack	Molding,	 headquartered	 in	Arlington,	Vermont,	 provides	 injection	molding	 and	 contract	
manufacturing	services,	ranging	from	design	and	development	services,	prototyping,	injection	molding,	
finishing	 services,	 and	 sheet	 metal	 fabrication.	 The	 company	 offers	 services	 to	 medical,	 commercial,	











contract	manufacturing	 companies,	Mack	 utilizes	 a	 project	management	 tool	 known	 as	 a	 phase	 gate	
tracker.	Currently,	Mack	has	reported	an	underutilization	of	their	current	Phase	Gate	Tracker,	which	can	
assist	with	accurate	benchmarking,	process	analysis,	and	project	planning.	The	current	phase	gate	process	
lacks	 a	 standardized	 process	 that	 fits	with	 the	 needs	 of	 the	 employees	 trying	 to	 achieve	 a	 successful	
product	launch.	The	underutilization	of	the	tool	has	led	to	disconnection	between	departments	regarding	
communication	 among	 the	 project	 team.	 Mack	 Molding	 has	 sponsored	 this	 MQP	 with	 Worcester	
Polytechnic	Institute.	The	team	worked	to	develop	a	new,	improved	phase	gate	process	through	a	series	

































out	 in	 Little	 Falls	 New	 Jersey	 but	 quickly	 expanded	 to	Wayne,	 N.J.	 and	 Arlington,	 VT	Mack	Molding	
originally	 began	 manufacturing	 bottle	 caps	 and	 other	 retail	 products	 and	 soon	 transitioned	 their	
manufacturing	 production	 towards	 assisting	 war	 efforts.	 Mack	 Molding’s	 manufacturing	 production	
increased	to	serve	the	war	effort,	by	switching	production	to	mortar-shell	casings	and	other	WW	II	tools.	
Mack	Molding	grew	obtaining	various	partners	and	clientele.	Mack	expanded	into	manufacturing	

















process	can	eliminate	risk	earlier	on	 in	a	project	and	bring	any	potential	 issues	 to	the	forefront	of	any	
project.	In	an	article	regarding	product	development	and	the	stage	gate	process,	the	author	states,	“Stage-
Gate	methodologies	are	recognized	and	widely	embraced	in	companies	all	over	the	world	as	a	method	of	
bringing	 order	 to	 the	 sometimes-chaotic	 process	 of	 product	 innovation.	 After	 surveying	 NPD,	 best	
practices,	 Griffin	 noted	 that	 60%	 of	 responding	 NPD	 functions	 were	 using	 some	 form	 of	 Stage-Gate	























A	 communication	 flow	 is	 a	 network	 of	 employees	 in	 which	 information	 and	 knowledge	 are	
communicated	to	complete	certain	tasks	for	the	overall	goals	of	the	company	or	department.	The	flow	
needs	to	have	an	efficient	communication	network	amongst	employees	to	achieve	high	performance.	In	
most	 cases,	 there	 are	 either	 too	many	employees	 inputting	 information	 into	 a	 system	or	 not	 enough	
employee	involvement	in	the	system.	With	having	too	much	involvement,	employees	begin	to	lose	focus	
on	who	 should	 be	 contacted	 about	 the	 information,	 adding	 “dead	 time”	 to	 different	 sections	 of	 the	
network	with	unnecessary	 communication.	On	 the	other	hand,	 if	 there	are	minimal	employees	 in	 the	
system,	critical	 information	can	be	miscommunicated	to	 important	employees	involved	in	the	process.	
“The	Project	management	communications	toolkit”	emphasizes	the	need	for	effective	communication	in	


















steps	 to	 focus	 on	 throughout	 an	 implementation	 or	 a	 process	 change.	 In	 a	 journal,	 “Seven	 Greatest	
Contributors	 to	 Change	 Management	 Success,”	 Creasy	 outlines	 specific	 steps	 and	 strategies	 to	
implementing	change	in	a	professional	environment.	Oftentimes,	an	employee	will	be	hesitant	to	change	
their	 routine	 thus	 becoming	 resistant	 to	 change.	 The	 idea	 of	 resistance	 to	 accept	 change	 within	 the	









Research	has	 shown	 that	 three	 strategies	management	 can	employ	 are;	 to	provide	exact	 information	
about	the	change	in	tasks	for	the	employee,	keep	employees	involved	in	the	process	change,	and	reassure	





reflect	on	 the	changes	and	allow	 for	a	period	of	adjustment.	This	adjustment	period	would	allow	 less	










additional	 skills	 to	 perform	 well	 with	 the	 new	 operation	 or	 process.	 This	 can	 be	 reassured	 through	
providing	adequate	and	complete	training.	Also,	reassurance	of	no	punishment	from	performance	level	









Axiomatic	 Design	 has	 been	 applied	 to	 manufacturing	 system	 design	 yields	 on	 numerous	
occasions.	 It	 focuses	 on	 the	 sub-components	 of	 the	 manufacturing	 system	 design,	 resulting	 in	 the	
proposed	procedure	being	sound,	comprehensible	and	easy	to	 implement	 (Kulak	et	al.	2005).	The	key	
principle	 of	 Axiomatic	 Design	 is	 that	 a	 decomposition	 approach	 can	 be	 used	 to	 explain,	 understand,	













































regarding	 the	 steps	 taken	 from	 receiving	 a	 new	 product	 opportunity,	 entering	 validation	 and	 finally	
moving	 to	 actual	 production	was	 first	 outlined,	 then	 the	 internal	 steps	Mack	 took	 to	 get	 through	 the	
process	was	documented.	Understanding	the	flow	of	Mack’s	process	is	an	instrumental	aspect	of	editing	























































































































































focus	 was	 placed	 on	 improving	 the	 opportunities	 in	 training,	 creating	 a	 standardized	 process,	 user	
friendliness,	visibility,	and	communication.	Through	interviews,	pros	and	cons	of	the	current	tracker	were	
gathered	so	the	changes	made	would	meet	the	needs	of	 the	users.	Currently,	 the	process	 lacked	user	






rigid.	Not	 only	 does	 each	 product	 come	with	 its	 own	 customer	 needs	 but	 also	 has	 different	 levels	 of	
complexity.	Employees	were	asked	about	 the	experience	of	balancing	 the	customer’s	needs	and	 their	
department’s	needs,	they	responded,	“There	 is	no	visibility	of	what	 is	on	deck	because	 I	answer	to	17	
bosses.	There	 is	a	great	need	 for	a	uniform	process	all	Project	Managers	must	 follow”	 (Mack	Molding	
Employee	1,	personal	communication,	September	29,	2016).	Therefore,	the	process	designed	needed	to	
be	 flexible	 but	 also	 needed	 to	 fulfill	 the	 company’s	 requirements.	 These	 changes	 create	 a	 more	
standardized	process	throughout	the	company.		
	
In	 addition,	 the	 current	process	did	not	 allow	departments	 to	 see	where	a	product	was	 in	 its	
product	 cycle.	 To	 improve	 this,	 a	 focus	was	 placed	 on	 departments	 having	 access	 to	 a	 product	 from	
beginning	 to	 end.	 There	 were	 also	 steps	 taken	 to	 ensure	 teams	 are	 told	 about	 meetings	 and	 vital	
information	well	 in	 advance	 to	 decrease	 errors	 in	 production.	 In	 an	 interview	 conducted,	 this	 lack	 of	
communication	was	evident.	“Just	this	morning,	I	was	talking	to	one	of	the	Project	Managers	and	she	told	
me	the	mold	flow	order	I	was	placing	was	already	made	two	years	ago.	I	wasn’t	aware	of	this	because	















































































































































































new	 Phase	Gate	 Tracker.	 The	 Phase	Gate	 Tracker	was	 a	 combination	 of	 a	 Phase	Gate	 and	Milestone	
Tracker.	This	best	fit	the	versatility	and	range	of	products	within	the	manufacturing	processes	of	Mack	














conduct	 our	 project	 successfully,	 included	 processing	 work	 task,	 measuring	 accountability	 across	























was	organized	 to	 include	various	ways	of	 transferring	 information	across	Mack	Molding’s	 information	
database.	With	the	introduction	of	new	hire	template	guide,	work	communication	and	training	given	to	
employees	was	improved.		










The	 Analytical	 Hierarchy	 Process	 (AHP)	 is	 an	 analytical	 decision-making	 process	 using	
mathematics	and	psychology.	 It	breaks	down	a	goal	through	creating	criteria	for	each	alternative.	Two	
important	 metrics	 are	 created	 through	 a	 pairwise	 comparison	 of	 criteria	 vs.	 criteria	 and	 then	 each	
specified	criterion	from	the	previous	calculation	are	compared	across	all	alternatives.	The	backbones	of	
these	 comparisons	 are	 the	 user’s	 preferences	 on	 importance	 of	 criteria’s	 and	 the	 numerically	 ranked	
quality	of	each	criterion.		Through	these	calculations	a	priority	for	each	criterion	is	created,	which	is	then	
multiplied	against	each	alternatives	criterion	ranking,	and	summed	to	an	overall	rank.	The	table	below	


















Through	 these	 calculations,	 we	 are	 able	 to	 convert	 qualitative	 data	 into	 quantitative	 data	
comparisons.	We	are	able	to	bring	all	three	alternatives	to	one	overall	rank	and	be	able	to	identify	the	
best	option.	The	best	alternatives	from	the	calculations	are	both	the	phase	gate	and	milestone	options.	
This	 calculation	aided	 in	 the	decision	making	of	what	option	 to	choose	and	after	 further	 research	 the	
decision	 was	 made	 to	 use	 a	 hybrid	 tracker,	 which	 included	 both	 the	 milestone	 and	 phase	 gate	
characteristics	we	desired.			
4.3.2	Little’s	Law	
Little’s	 Law	 relates	 inventory,	 throughput,	 and	 lead-time.	 Throughput	 is	 the	 average	 rate	 that	
items	 flow	 through	 the	 process;	while	 lead-time	 is	 the	 period	 it	 takes	 a	 unit	 of	 production	 to	 course	
through	the	entire	process	(Jacobs	&	Chase,	2010).			
	
Reliability Dashboards Structure Versitilty
Priority 0.38 0.18 0.22 0.21
Phase	Gate 0.40 0.43 0.55 0.20
Milestone 0.40 0.43 0.27 0.41






















































and	other	manufacturing	 factors.	The	systems	collect	and	analyze	 the	data	 throughout	 the	process	 to	
know	if	change	occurred	and	to	identify	sources	of	process	variability,	which	helps	with	standardization.	





























































sooner.	 To	 calculate	 this	 value	 the	Average	 number	 of	 days	 reduced	 to	 deliver	 product	 per	month	 is	
multiplied	by	number	of	projects	reduced	per	month.	Then	this	calculated	number	is	multiplied	by	savings	
per	day.	This	equates	to	a	two-year	period	savings	of	$29,359.14.	













accumulates	 the	 tracking	 data,	 which	 reports	 the	 development	 status	 of	 the	 overall	 project.	 Easier	














































































Since	our	 team	 is	composed	of	 three	management	engineers	and	 two	 industrial	engineers	we	
were	able	to	each	bring	diverse	knowledge	through	excel,	financial	modeling,	and	process	improvements.	
From	 these	 different	 backgrounds,	 we	 were	 able	 to	 identify	 a	 recurring	 problem	 at	 Mack	 Molding.	
Through	process	and	communication	flow	analyses;	we	found	a	need	for	Mack	to	improve	their	current	
project	management	process.	Following	the	definition	of	the	problem	we	researched	feasible	solutions	
and	suggested	a	new	project	 tracker	would	be	the	most	effective	solution	 for	Mack.	We	were	able	 to	













personalized	 to	Mack.	 In	order	 to	do	 this,	we	made	an	effort	 to	better	understand	 their	 culture.	One	
change	we	made	 to	 the	 tracker	 was	 changing	 a	 few	words	 to	 fit	 with	 the	 language	 used	within	 the	
company.	The	team	also	knew	the	tool	would	only	be	utilized	if	the	employees	felt	it	would	help	them	to	
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Months Employee	Time	savings Time	to	Market Less	Rework Training Total Quarters	earnings
1 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
2 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
3 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						 54,863.35$														 Y1Q1
4 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
5 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
6 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						 54,863.35$														 Y1Q2
7 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
8 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
9 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						 54,863.35$														 Y1Q3
10 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
11 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
12 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						 54,863.35$														 Y1Q4
13 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
14 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
15 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						 54,863.35$														 Y2Q1
16 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
17 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
18 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						 54,863.35$														 Y2Q2
19 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
20 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
21 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						 54,863.35$														 Y2Q3
22 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
23 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						
24 2,465.73$																												 5,625.00$																												 2,000.00$						 (946.84)$							 9,143.89$						 54,863.35$														 Y2Q4
NPV	Year	1 $48,261.22 $110,096.76 $39,145.51 ($18,532.31) $178,971.18
Employee	Time	savings
Role PM SQE QE ME ADC
Total	#	employed 4 2 2 2 2
salary	 89,286.00$																										 78,184.00$																										 73,000.00$				 70,000.00$			 73,665.00$				
Salary	per	hour 44.6$																																				 39.1$																																				 36.5$														 35.0$														 36.8$														
Days	of	work 250
days	per	month 20.83
time	saved	per	person	(Hours/Month) 5.21
Less	Rework
Avg	number	of	reworks	per	month 1.00
Avg	Cost	of	reworks 2,000.00$																												
Time	to	market	Savings
Avg	#	of	days	reduced	to	deliever	product	per	month 1.50
#	of	Projects	reduced	 15.00
Savings	per	day 250.00$																																
Overall	benefits	on	top	of	savings
Eliminate	over	time
eliminate	expense	of	one	employee
Allows	to	shift	1	personal	towards	something	else
Take	on	more	jobs	(productivity)
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Appendix	E-	Statistical	Process	Control	
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Appendix	F-	Little’s	Law	
	
	
	
	
	
	
	
	
	
